The present study explores the notion of an out-group fear learning bias that is characterized by facilitated fear acquisition toward harm-doing out-group members. Participants were conditioned with two in-group and two out-group faces as conditioned stimuli. During acquisition, one in-group and one out-group face was paired with an aversive shock whereas the other in-group and out-group face was presented without shock. Psychophysiological measures of fear conditioning (skin conductance and pupil size) and explicit and implicit liking exhibited increased differential responding to out-group faces compared to in-group faces. However, the results did not clearly indicate that harm-doing out-group members were more readily associated with fear than harm-doing in-group members. In contrast, the out-group face not paired with shock decreased conditioned fear and disliking at least to the same extent that the shock-associated out-group face increased these measures. Based on these results, we suggest an account of the out-group fear learning bias that relates to an attentional bias to process in-group information.
Introduction
In many intergroup conflicts, members of the conflicting parties hold negative attitudes about each other. The dislike for out-group members is a major obstacle in resolving these conflicts. For instance, the Israeli-Palestinian conflict is marked by a mutual antipathy between Israelis and Palestinians that severely impedes political solutions (Maoz & McCauley, 2005) . Understanding the formation of such antipathy requires studying how individuals learn to dislike out-group members. In this regard, the hypothesis of an out-group fear learning bias where out-group members are more readily associated with negative attributes has gained much attention (Mallan, Lipp, & Cochrane, 2013; Ohman, 2005) . Empirically, this hypothesis is supported by enhanced differential fear conditioning to out-group faces (Navarrete et al., 2012; Olsson, Ebert, Banaji, & Phelps, 2005) . The purpose of the present study is to critically evaluate this notion. As illustrated with reference to standard associative learning theory, greater differential responding to out-group faces is also predicted by an attentional bias for the in-group. The introduction is structured in two sections :The first section introduces the differential conditioning paradigm that we used in our experiment and that has previously been reported to yield evidence in favor of an out-group fear learning bias. The second section derives two contrasting hypotheses of (a) enhanced out-group fear learning and (b) enhanced attention to the in-group. Both hypotheses are in accord with greater differential fear conditioning to out-group members. However the hypotheses differ with respect to the underlying pattern of acquired CS-US associations. Olsson et al. (2005 also see Ohman, 2005 investigated whether racial out-group members were more readily associated with conditioned fear than in-group members. They used a within-subject conditioning procedure that presented participants with two racial outgroup faces (i.e., African-American faces for Caucasian-American participants and Caucasian-American faces for African-American participants) and two racial in-group faces (having the same race as the participant) as conditioned stimuli (CS). In the acquisition stage of a differential conditioning procedure, one out-group face (Out+) and one in-group face (In+) were paired with an aversive electric shock (unconditioned stimulus; US) while the shock was omitted after the other two faces (Out−, In−). In the following extinction phase all stimuli were presented without the US. The authors measured the skin conductance response (SCR) elicited by the faces and reported that the differential SCR to the out-group faces was more pronounced than the differential SCR to the in-group faces, i. e. the difference "Out+ minus Out−" was greater than the difference "In+ minus In−" (in fact the authors only reported these difference scores).
Empirical evidence for an out-group fear learning bias
Olsson et al. interpreted their finding as evidence of a human "preparedness" to readily associate out-group members with harm. This interpretation was based on similar findings for enhanced fear conditioning with phylogenetically fear-relevant stimuli such as snakes (Ohman, Fredrikson, Hugdahl, & Rimmö, 1976) or angry faces (Ohman & Dimberg, 1978; Ohman & Soares, 1993 , 1998 ; for review see Mallan et al., 2013; Ohman & Mineka, 2001 ). The conceptual link to these previous studies also justified the focus on differential responding to control for "preexisting differences in the emotional salience of stimulus categories as a confounding variable." (Olsson et al., 2005, p. 785) . If a racial out-group face (much like an angry face) elicits a more pronounced SCR than an in-group face (happy face) prior to conditioning, focusing on the differences "CS+ minus CS−" of course controls for these baseline differences. However, the problem with this rational is that the CS− might very well change its association with shock during conditioning. In particular, the non-reinforced CS− is established as a safety signal that is supposed to exhibit an inhibitory association with the US in standard theories of associative learning (Pearce and Hall, 1980; Pearce, 1987 Pearce, , 1994 Pearce, , 2002 Rescorla and Wagner, 1972; Wagner and Rescorla, 1972; Wagner, 1981 Wagner, , 2003 ; see Lovibond, Siddle, & Bond, 1993 for an explicit reference to inhibitory learning about fear-relevant CS). From this perspective, the difference "Out+ minus Out−" could not only increase because of increased responding to the reinforced out-group face (with Out+ > In + ) but also could increase because of decreased responding to the non-reinforced out-group face (with Out− < In−). It should be clear that the latter effect stands in stark contrast to the assumption of an outgroup fear learning bias because it would mean that out-group faces are also readily established as a cue that signals safety from harm.
In another experiment that reported evidence in favor of an outgroup fear learning bias, Navarrete et al. (2012) demonstrated that during fear conditioning participants exhibited a larger differential SCR towards arbitrarily-defined social out-group members. Here, groups were established using a variant of the minimal group paradigm (Tajfel, Billig, Bundy, & Flament, 1971 ). On arrival, participants judged the predominant hue in a bicolored stimulus and were assigned to their "group" depending on their choice of color. They wore a t-shirt with their group color during fear conditioning and the CSs consisted of four images of white man with neutral expression that were digitally manipulated to appear as wearing the same t-shirt color (in-group) or the other color (out-group). Using the same design as Olsson et al. (2005) participants underwent differential fear conditioning Out+, Out−, In +, In−, using electric shock as the US. Again, participants exhibited a larger differential SCR "Out+ minus Out−" and again these difference scores were the only ones reported. In this procedure, even more so, it seems highly questionable whether the random assignment of faces to the minimal out-group was sufficient to establish a baseline difference Out− > In−, and again the observed difference could have been caused by less conditioned responding to the Out− face than the In− face (rather than or in addition to Out+ > In + ).
Discrimination learning, stimulus generalization and inhibitory conditioning
As outlined above, differential fear conditioning CS+, CS− may result in inhibitory learning about the CS−. The CS− is established as a cue that signals safety from harm (electric shock) in a context in which such harm sometimes occurs (in CS+ trials). For further illustration, we will refer to the learning theory of Rescorla and Wagner (1972) as the "most widely accepted description of associative changes during classical conditioning" (Gluck & Bower, 1988, p. 228) . Here, conditioned responding to a CS is determined by the sum of associations held by all elements comprising the CS. For example, simple differential fear conditioning formally consists of AC+, BC− where A denotes elements unique to the CS+, B denotes elements unique to the CS−, and C denotes elements common to both CS (usually the experimental context but possibly also perceptual or conceptual elements common to both stimuli). With respect to two angry faces, common elements are common facial features that cause both faces to be perceived as angry. With respect to racial out-group faces, common elements are race-defining characteristics such as a common skin color. With respect to the minimal groups of Navarrete et al. (2012) , the element common to outgroup members was the t-shirt color (all example similarly refer to the in-group). During differential conditioning AC+, BC− element A is supposed to acquire an excitatory association with the US. Since the common element C is followed by shock on 50% of the trials (in AC+ trials) this common element also acquires some excitatory association (but less than A). To correctly predict the absence of shock in BC− trials, element B must acquire an inhibitory association to counteract the excitatory association of element C (for further details see Appendix A). Put less formally, participants learn that out-group members in general exhibit some probability of causing harm, out-group face A is especially dangerous but out-group face B actively prevents harm in an otherwise dangerous environment.
The left panel of Fig. 1 depicts a simulation of the Rescorla-Wagner model where free model parameters have been chosen to be in accord with the hypothesis of an out-group fear learning bias: (a) Out+ and Out− exhibit some association with fear prior to conditioning as indicated by their non-zero association in the first block; (b) the aversive US is simulated to be more effective when paired with out-group faces so that the Out+ face approaches a higher asymptote than the In+ face; (c) the learning rate is Out+ > In+ promoting faster excitatory fear conditioning for out-group faces, (d) the learning rate is Out− < In− promoting slower inhibitory fear conditioning for outgroup faces (for further details see Appendix A). The simulation makes clear that a standard theory of associative learning such as the RescorlaWagner theory can predict a pattern of greater differential responding to out-group faces consistent with the hypothesis that out-group faces are more effective CS specifically when paired with an aversive US.
The right panel of Fig. 1 illustrates that the same theory predicts the Fig. 1 . Illustration of different processes that may lead to an outgroup conditioning bias in the learning theory of Rescorla and Wagner (1972) . For further explanation see text. For simulation details see Appendix A.
same pattern of greater differential responding to out-group faces on the basis of a very different mechanism. This mechanism derives from the general and simple assumption that the most important factor that influences discrimination learning may well be the ability (or willingness) to discriminate between the stimuli. In our simulation, this CS discriminability is implemented by increasing or decreasing the salience of common elements. For in-group faces the salience of the unique elements is simulated to be lower than the salience of the common elements and the reverse is true for out-group faces. This pattern would be expected if participants had a bias for attending to in-group information (which is encoded in the elements common to both In+ and In−) and such a bias would be non-existent or less pronounced for outgroup information. From another perspective, the possible importance of a positive in-group bias for fear conditioning has been highlighted by Dang, Xiao and Mao (2015) but has received little attention. The idea rests on empirical findings (Brewer, 1979; Mummendey et al., 1992; Otten & Moskowitz, 2000) that such a positive in-group bias is rather general and habitual because it relates to central needs of belonging (Brewer, 1991) , self-esteem (Tajfel & Turner, 1979) and certainty (Hogg, 2000) whereas the activation of a negative out-group bias requires a real or symbolic threat from the out-group. From this perspective, we think that the "minimal" out-group of Navarrete et al. (2012) was rather unlikely to activate a negative out-group bias and many existing social out-groups would also not qualify as posing a significant threat. An observed "out-group fear learning bias" for such groups may rather be based on a positive in-group bias that retards the discrimination between in-group members as detailed above.
The present research
Based on our critique of the previous reports of Navarrete et al. (2012) and Olsson et al. (2005) , we conducted a differential fear conditioning experiment in which four neutral, computer generated faces were established as either psychology students (in-group for our participants) or business students (out-group) in the first stage of the experiment. Business students were chosen because on the one hand they have been shown to be a relevant social out-group for German psychology students in intergroup comparison (Riketta, 2005) . On the other hand we didn't expect the groups to exhibit a relevant history of intergroup conflict that yielded significant threat by the out-group. In the second stage faces were used as conditioned stimuli Out+, Out−, In+, In− during differential fear conditioning similar to Navarrete et al. (2012) and Olsson et al. (2005) . In contrast to these previous studies we focus on the response pattern to all four stimuli rather than relying on difference scores. In particular, we were interested in differential responding to the Out− versus In− face as detailed above. In conditioning trials, a group label was shown below the face to indicate group membership much like the t-shirt color in Navarrete et al. (2012) . To shed further light on the nature of the conditioned fear our experiment included physiological measures of conditioned responding (SCR and pupil dilation) as well as explicit and implicit measures of acquired liking (pleasantness). The latter measures were included to examine whether aversive conditioning really established a specific dislike for harm-associated out-group members.
Method

Participants
Navarrete et al. (2012) obtained a small to medium effect size regarding the difference between in-group and out-group faces on the skin conductance CR (i.e., the interaction term between face group membership and contingency). To find such an effect (f = 0.15; according to Cohen, 1988) with a power of 0.80 and assuming a large correlation between levels of the independent variables (ρ = 0.70 2 ), N = 38 participants are necessary (conducted with G*Power 3, see Faul, Erdfelder, Lang, & Buchner, 2007) . In total, 47 psychology students participated and either received course credit or eight Euros in exchange for participation. Six participants were excluded because they did not follow the instructions (n = 2; e. g., removed their head from the head rest during the experiment), showed habituation of the unconditioned response (UR; more than 25% of the reinforced trials without UR; n = 1), or failed to learn the group membership of the faces (more than 25% false categorizations in the training phase; n = 3). The final sample consisted of 41 participants (88% female, M age = 23.8, SD age = 4.8).
Stimuli and apparatus
The experiment took place in a sound-attenuated dimmed room. Computer-generated male Caucasian faces with a neutral facial expression were used as conditioned stimuli (using FaceGen Modeller; Singular Inversions, 2014) . They were presented as gray-scale images on a gray (46%) background and were surrounded by a light gray 94 × 94 mm rectangular frame as shown in Fig. 2 . Luminance was matched across faces with an average gray value of 40%. All visual stimuli were presented on a 22" CRT monitor with an eye-to-screen distance of 78 cm.
In the conditioning phase of the experiment a 10 ms dc electric shock served as the US. The shock was delivered via silver-silver chloride electrodes to the volar surface of the participant's right arm from an isolated transformer-condensor shock generator (Kimmel, King, Hudy, & Gardner, 1980) . The participants themselves adjusted the intensity of the shock prior to the experiment so that it would be "definitely unpleasant but not really painful". Palmar skin conductance was measured with 8 mm silver-silver chloride electrodes, filled with an electrolytic medium (Unibase, with 0.05 mol NaCl) and attached to the thenar and hypothenar eminences of the participant's left hand. The skin was cleaned with alcohol prior to attaching the electrodes. Skin conductance was recorded at 50 Hz using a constant voltage bridge (Lykken & Venables, 1971) .
Pupil size and eye movements were recorded at 1000 Hz using an infrared video-based eye tracker (Eyelink 2000, SR Research, Mississauga, ON, Canada) . Monocular recording of the left or right eye was counterbalanced across participants. The eye-tracking column was table-mounted in front of the monitor and restrained the participant's head via chin-and forehead rests. Calibration of the eye tracker was conducted using a 9-point-grid of calibration targets. Calibration was Fig. 2 . Succession of events in a conditioning trial.
2 A large correlation is typical for within-subject replications of our physiological variables (SCR and pupil size).
rerun until the average calibration error dropped below 0.5 dva for each participant.
Procedure
Participants arrived in the lab for an experiment entitled "Reaction speed and facial recognition". They were provided with an overview of the experiment and informed consent was obtained. According to the title of the experiment, they were told that the main purpose was to measure their reaction speed and physiological responses during face recognition. A demographic questionnaire was administered including a version of the Leach et al. (2008) social identification scale for participants' social identification with psychology students (an exploratory analysis showed no moderating effect of social identification on any of the dependent variables).
Participants were instructed that the faces shown during the experiment belonged to students of either psychology (in-group) or business (out-group), and that they would have to learn to classify the faces according to the field of study. Additionally, it was pointed out that at some point during the experiment the presentation of some of the faces would be accompanied by an aversive electric shock. We asked our participants to imagine that the student whose face was shown on the monitor administered the shock and to pay close attention to which students delivered shocks.
The experiment consisted of three stages: (1) the learning of group membership (2) the aversive conditioning phase, and (3) the postconditioning assessment of explicit and implicit measures of liking. In the first two phases, participants were instructed to categorize the shown faces as fast as possible as a student of psychology (in-group) or business (out-group). As shown in Fig. 2 , each trial started with the presentation of a light-gray empty frame. The group labels "PSY" (psychology) and "BWL" (German abbreviation for business administration) were shown at the left and the right side of the frame and instructed the meaning of a left versus right manual response button operated with the right hand of the participant. The left/right positions of group labels were assigned randomly in each trial so that participants would not acquire an association between group (PSY, BWL) and response button (left, right). After 4 s the face was presented and participants indicated its group membership by pressing the respective button as fast as possible. Immediately after a button press or after 2 s, the correct group membership was shown below the face.
In the first stage of the experiment, the face and the correct group label were then shown for 4 s, before the next trial started after a random pause of 2-4 s. This phase was designed so that participants would associate each face with one of the groups while electric shocks were not yet administered. Each of five successive blocks of trials consisted of two presentations of each of the four faces, yielding a total of 40 trials in the first stage.
In the second stage of the experiment, the face and the correct group label were shown for 8 s and an electric shock could be administered at the end of this 8 s interval. Trials were separated by a random pause of 10-14 s yielding an average inter-trial interval of 24-26 s depending on the classification reaction time of the participant. With four faces, A, B, C, and D that were established as students of either the psychology ingroup (I) or the business out-group (O) in the first stage of the experiment, participants now had to learn, that one face from each group was followed by electric shock (+) while the other face in each group predicted the omission of shock (−). In an abstract notation, aversive conditioning in the second stage of the experiment consisted of the discrimination problem IA+, IB−, OC+, and OD−. In each of four successive blocks of 8 trials, each trial type was presented twice, yielding a total of 32 conditioning trials. The assignment of individual faces to groups (I, O) and type of reinforcement (+, −) was counterbalanced across participants. Furthermore, each participant received a different pseudo-random trial sequence with the restriction that there were not more than three trials with electric shock in a row.
At the end of the conditioning stage, participants were again presented with each of the four faces in random order and were asked to give explicit ratings about how pleasant the face was. Participants gave their response on a mouse-operated continuous Likert scale ranging from "very unpleasant" to "very pleasant." The center of the scale was labeled as "neutral." The experiment ended with measuring implicit liking in the affective priming task (APT; see below).
Measures
Pupil dilation
The pupil dilation was analyzed for an 8-s interval following the onset of the correct group label. Signal loss during blinks was substituted by cubic spline interpolation. Traces containing considerable artifacts (mostly about 1 s or more in duration) were excluded (14% of the trials). From the artifact free records, average pupil wave forms were computed for in-group CS+, in-group CS−, out-group CS+, and out-group CS− separately for each participant (resulting in four wave forms for each participant). We determined the mean pupil size in the time window from 0 to 8 s after CS onset in bins of 2 s (i.e., 0-2 s, 2-4 s, 4-6 s, and 6-8 s).
Skin conductance response (SCR)
Skin conductance was analyzed during an interval of one to nine seconds after the correct group label was shown below the face, and further decomposed into a first interval response (FIR; 1-4 s) and a second interval response (SIR; 4-9 s). The FIR has previously been shown to subsume orienting components that correspond to a wide array of processing aspects such as CS probability and US uncertainty (e.g., Lachnit et al., 2013) . The SIR on the other hand is interpreted as a purer measure of CS-US-contingency and in the context of aversive conditioning thus can be used as a proxy for shock expectancy. For statistical analysis, SCRs were converted to logarithmic values (after adding 1) to account for non-normality and then multiplied by 1000. SCRs were identified on the level of individual trials and then averaged within trial types.
Explicit liking
After the acquisition, participants were asked to rate the faces' likeability (ranging from −3 = very unpleasant to 3 = very pleasant) with a continuous slider. Likeability ratings were obtained without presentation of the group membership.
Implicit liking
We used an affective priming task (APT; Fazio, 2001 ) to measure implicit liking. In this task a series of positive and negative target stimuli is presented that have to be categorized as quickly as possible as either 'positive' or 'negative.' Each target is preceded by a prime stimulus, which has to be ignored by the participant. Nevertheless, the valence of the prime stimuli affects the classification speed of the target stimuli in the sense that positive/negative primes increase/decrease classification speed of positive targets and decrease/increase classification speed of negative targets. The task consisted of 144 experimental trials (3 blocks of 48 trials) and 20 practice trials (with unfamiliar faces). A trial consisted of a fixation frame (presented for 500 ms), a face without group label as prime (presented for 200 ms) followed by a 100 ms blank screen and an affective word as target (presented for 2000 ms or participant's reaction) followed by a 1500 ms pause (see Hermans et al., 2002) . Prime faces were the four CS faces, as well as an unfamiliar male angry face and an unfamiliar male happy face as control primes. Target words were ten positive and ten negative German adjectives that had been used in previous research (see Stahl, Unkelbach, & Corneille, 2009) . Each participant received a random sample of positive and negative target words for each prime face. The sequence of trials was pseudo-randomized such that (1) the same prime was not presented on more than two consecutive trials, (2) two successive trails did not contain the same target, and (3) each prime was presented four times with a positive and four times with a negative target in each block (see Hermans et al., 2002) .
Data analysis
Repeated measures analysis of variance (ANOVA) was used to analyze the data. The factor Group classified faces as in-group (In) or out-group (Out). The factor Contingency indicated whether a face was paired with shock (+) or not (−). For the most part our analyses followed this 2 × 2 design and thus classified faces as Out+, Out−, In+, and In−. Simple main effects were computed to analyze significant interactions. Degrees of freedom were corrected with the Huynh-Feldt method (Huynh & Feldt, 1976) where appropriate. Effect sizes are reported as partial eta squared. For multiple comparisons p-values were adjusted according to Westfall, 1997; Bretz, Hothorn, & Westfall, 2010) . performance over the course of training but no difference between groups and no interaction (both F < 1). At the end of the first stage, the correct classification of 91.46% was significantly different from chance level of 50%, t(40) = 23.43, p < 0.001. In the second stage one face from each group was paired with shock (In+, Out + ), while the other was paired with the omission of shock (In−, Out−). Fig. 3b shows, that classification performance was sustained at a high level of about 90% during aversive conditioning, with no significant difference between faces. A 2 × 2 ANOVA with factor Group (In, Out) and Contingency (Shock, No Shock) revealed no significant main effects (both F < 1), and no interaction F(1, 40) = 2.145, p = 0.151, η p 2 = 0.051.
Results
Acquisition of group membership
Pupil response during aversive conditioning
Fig. 4a depicts average pupil traces elicited by the four faces during aversive conditioning in the second stage of the experiment. In reinforced trials, the aversive shock was presented after eight seconds. As can be seen, shock delivery in trials Out+ and In+ caused a marked pupil dilation from 8 to 10 s that clearly exceeded pupil size during the same interval in trials without shock (Out− and In−). An 2 × 2 ANOVA with factors group (In, Out) and contingency (Shock, No Shock) revealed a significant main effect of contingency, F(1, 40) = 34.480, p < 0.001, η p 2 = 0.463, but no effect of Group, F(1, 40) = 2.106, p = 0.155, η p 2 = 0.050, and no interaction, F(1, 40) = 2.936, p = 0.094, η p 2 = 0.068.
Pupil size during the eight second CS interval preceding the shock was taken as an index of shock expectancy driven by associative memory. We further partitioned the CS interval into 2-s bins from 0-2 s, 2-4 s, 4-6 s, and 6-8 s and conducted a 2 × 2 × 4 ANOVA with factors Group (In, Out), Contingency (Shock, No shock) and Bin (1, 2, 3, 4) . The analysis yielded no main effect of Group, F < 1, but significant effects of Bin, F(2, 67) = 34.021, p < 0.001, η p 2 = .459, and 
Skin conductance response during aversive conditioning
Our analysis of skin conductance followed the standard partitioning of the CS-US interval into a first interval response (FIR, 1-4 s) and a second interval response (SIR, 4-9 s). The FIR magnitude is shown in Fig. 5a . A 2 × 2 ANOVA with factors Group (In, Out) and Contingency (Shock, No shock) revealed a significant main effect of Contingency, F (1, 40) = 10.481, p = 0.002, η p 2 = 0.208, but no main effect of Group and no interaction (both F < 1). Thus, with respect to the FIR, group membership did not affect the learning of face-shock associations.
As shown in Fig. 5b , the SIR, however, was affected by the group membership of the faces and corresponded to the pattern also observed for pupil size. Again, there was no main effect of Group, F < 1, but a with an ordered factor face (Out− < In− < In+ < Out + ) revealed a significant main effect, F(2, 96) = 12.739, p < 0.001, η p 2 = 0.242, that followed a linear trend, t(120) = 6.090, p < 0.001.
Again, this linear increase was in accord with the model predictions illustrated in the right panel of Fig. 1 . Focused comparisons revealed a stronger effect Out− < Out+, t(120) = 5.446, p < 0.001, than In− < In+, t(120) = 2.921, p = 0.021. There was no stronger SIR to the Out+ face than the In+ face, t(120) = 1.388, p = 0.509 or a weaker SIR to the Out− face than the In−face, t(120) = 1.137, p = 0.668.
Overt attention to elements of the stimulus display
The stimulus display used in the learning experiment allowed us to measure overt attention to group labels. During the first four seconds of each trial, the group labels were shown at either side of the screen to inform our participants about the mapping of two manual response buttons to the two groups (Fig. 2) . The face was not yet shown during this interval. We computed the total dwell on the group labels during this 4-s interval for each trial and averaged across trials for the initial group acquisition phase (Stage 1), and the subsequent conditioning phase (Stage 2). A 2 × 2 ANOVA with factors Group (In, Out) and Stage (1, 2) revealed a significant main effect of Stage, F(1, 40) = 11.671, p < 0.002, η p 2 = 0.226, with an increase in duration from the first stage, M = 774, SE = 25.68, to the second stage M = 975, SE = 27.24. A significant main effect of group, F(1, 40) = 8.937, p < 0.005, η p 2 = 0.183, indicated longer fixations on the in-group label, M = 926, SE = 29.41, than on the out-group label, M = 823, SE = 26.84. The interaction term was not significant, F < 1. Results were in accord with the hypothesis that participants payed more attention to the ingroup information than to the out-group information.
3.5. Explicit rating of face pleasantness after aversive conditioning but no effect In− < In+, t(120) = 0.400, p = 0.689. Comparison between groups revealed a significant effect Out− < In−, t(120) = 2.876, p = 0.013, while the effect In+ < Out+ fell just short of significance, t(120) = 2.351, p = 0.053. Ratings of our participants were given on a scale from pleasant to unpleasant with a neutral center at zero. Both in-group faces, In− as well as In+ were not statistically different from that neutral baseline (both p > 0.23). In contrast the out-group face paired with shock was perceived as unpleasant, t(154) = 4.453, p < 0.001, and the outgroup face not associated with shock was perceived as pleasant, t(154) = 2.733, p = 0.028. Aversive differential conditioning thus altered the liking of out-group faces but did not affect the liking of in-group faces. Again, there was a clear impact on both, the out-group face paired with shock and the out-group face not associated with shock. were modulated by a significant interaction, F(4, 161) = 13.134, p < 0.001, η p 2 = 0.247. Focused comparison within Face, revealed that the classification speed of positive vs. negative target words differed for the friendly face, t(195) = 4.549, p < 0.001, the angry face, t (195) = 4.399, p < 0.001, and the out-group face not paired with shock during conditioning (Out−), t(195) = 4.178, p < 0.001. In contrast there was no significant difference for the other conditioned faces In−, In+, and Out+ (all ps > 0.17). The results for the friendly and angry faces validated the test's sensitivity to detect differences in implicit liking. For a friendly face, the classification of a subsequent positive word (e. g. 'warm') was faster than the classification of a negative target word (e.g., 'mean'), while these priming effects reversed for an angry face. However, as revealed by the priming results for the conditioned faces, only the out-group face not paired with shock (Out−) acquired the priming pattern of a friendly face, while conditioning did not affect the other faces in the same way. Interestingly, both faces paired with shock during conditioning (Out+, In+) failed to acquire the potential to elicit the same priming effect as an unconditioned angry face. While the former analysis focused on the differences between the classification speed for positive and negative target words within Face, we also computed analyses for the differences between cues within Word. Fig. 7b compares the classification speed of negative target words for the four conditioned faces. Speed scores were normalized (Speed -AF) to show deviation from an angry face baseline (dotted line). All faces differed from that baseline and elicited slower classification of a negative target word than the angry face (all ps < 0.01). A 2 × 2 ANOVA with factors Group (In, Out) and Contingency (Shock, No shock), revealed a main effect of Contingency that fell just short of statistical significance, F(1, 40) = 4.643, p = 0.055, η p 2 = 0.089, with no effect of Group, and no interaction (both F < 1). 
Affective priming after aversive conditioning
Discussion
The present research set out to shed light on the mechanisms of outgroup fear learning. Replicating Navarrete et al. (2012) and Olsson et al. (2005) , we found that the trained out-group faces elicited stronger differential responses compared to the in-group (i.e., Out+ minus Out− was larger than In+ minus In−). This pattern was true for pupil dilation and skin conductance response during classical conditioning. It also was true for explicit ratings of face pleasantness and the response to positive target words in the affective priming task after conditioning.
In contrast to the previous studies mentioned above, we argue that such differential responding does not provide ample evidence for the hypothesis that out-group faces are more readily associated with fear. First of all, while the pupil dilation response was larger for Out+ faces than for In+ faces, such an effect was not significant for the skin conductance response. A similar dissociation resulted for explicit and implicit measures of liking after conditioning. While Out+ faces were rated as more unpleasant than In+ faces such an effect again was not significant for reaction times in the priming task. Taken together, harmdoing out-group faces did not consistently elicit more conditioned fear or unpleasantness than harm-doing in-group faces. However, there was one pattern of results that did consistently emerge across all measures of fear and liking: The better discrimination of out-group faces was caused by stronger responding to Out+ faces and simultaneous weaker responding to Out− faces. For both, the pupil (Fig. 4b) and SIR skin conductance (Fig. 5b) , there was a linear increase Out− < In− < In + < Out+ in the strength of the conditioned fear response. Similarly, explicit ratings of unpleasantness (Fig. 6) were characterized by an Out− < In− = In+ < Out+ pattern of responding. As indicated by the pupil, the SIR, and ratings of unpleasantness both out-group faces predicting either the application or omission of shock were processed differently than the respective in-group faces: To the same extent that the Out+ face was processed as an accentuated signal of harm, the Out− face was processed as an accentuated signal of safety from harm. The role of the Out− face was even more pronounced in the affective priming task (APT) as a measure of implicit liking. In the APT, the only significant effect was caused by the faster identification of a positive target word if preceded by the Out− priming face. In fact, after training, the initially neutral Out− face did not differ from an unconditioned friendly face in its effectiveness to prime a positive target. In contrast, no other face acquired this "friendly" potential, nor did any of the faces paired with shock acquire the potential to accelerate the response to a negative target word. This result is particularly noteworthy since it indicates that the Out− face was the only stimulus that acquired the expected implicit valence whereas all other faces were not affected by the conditioning procedure. The only measure that did not indicate any differential processing of out-group versus in-group faces was the skin conductance FIR, which we consider to be inferior to the SIR in indicating shock expectancy (see Lachnit et al., 2013) .
Origins of enhanced differential fear learning with out-group members
Across dependent variables greater differential responding during conditioning exhibited the pattern Out− < In− < In+ < Out+. The hypothesis that out-group members were more readily associated with harm cannot account for the fact that the Out− CS elicited the weakest response. As illustrated by our model simulations in the introduction (see Fig. 1 , left panel) all possible aspects of enhanced outgroup fear learning would speak against this effect: Firstly, any baseline difference in the level of fear elicited by in-group and out-group CS should have caused a difference Out− > In−. Secondly, if the Out+ CS exhibited a bias for fast and strong association with the aversive shock this enhanced fear should have produced more generalization to the Out− CS which consisted of a unique face but the same group label as the Out+ CS. Thirdly, any inhibitory learning about the unique Out− face counteracting generalized fear from the Out+ face should have been retarded in accordance with the supposedly higher resistance to fear extinction. All of these predictions are in clear contrast to the observation that the Out− CS in our experiment obviously was more successful in predicting the absence of an aversive electric shock than the In-minus-CS.
The alternative hypothesis detailed in the introduction is based on a poorer discrimination of in-group CS based on more attention to their common in-group identity (see right panel of Fig. 1 ). This group identity in our experiment referred to a common group label that was shown below the faces during conditioning much like the common t-shirt color for the "minimal" groups of Navarrete et al. (2012) . Additionally, and in extension to Navarrete et al. both in-group CS also elicited the retrieval of the same in-group information from memory. With more attention to this common element of both in-group CS, theories of classical conditioning predict retarded discrimination learning that would result in less differential responding to the in-group faces (Pearce and Hall, 1980; Pearce, 1987; , 1994; , 2002; Rescorla and Wagner, 1972; Wagner and Rescorla, 1972; Wagner, 1981; , 2003) . As shown in the right panel of Fig. 1 this hypothesis readily explains the observed data pattern Out− < In− < In+ < Out+ and thus is in accord with the fact that the Out− face was established as the most effective cue for safety from harm.
There is some empirical evidence for the importance of a positive ingroup bias (Dang et al., 2015) . For example, Brewer (1979) demonstrated that in the minimal group paradigm in-groups were generally rated positive in the absence of negative out-group ratings. Furthermore, in-group favoritism has been reported to be positively correlated with trait self-esteem even if the in-group is less attractive objectively (Gramzow & Gaertner, 2005) . The core hypothesis of this view is that in-group favoritism is rather general and context independent while out-group derogation occurs only if "the very existence of the outgroup, or its goals and values, are seen as a threat to the maintenance and the social identity of the in-group" (Dang et al., 2015, p. 2; Brewer, 2007) . For example, without such a threat, Mummendey et al. (1992) reported a bias for the allocation of positive resources to minimal ingroups but no equivalent bias to distribute negative outcomes (to the out-group). Based on these findings, our hypothesis for the processing of group information during discrimination learning is that the described positive in-group bias also relates to more attention to in-group information. Our results yielded direct evidence of such an attentional bias. When the two group labels were shown for the 4 s prior to faceonset in the first and second stage of the experiment, fixation dwell time was higher for the in-group label than for the out-group label. To the extent that this difference indicates differences in attentional processing there most likely was an attentional bias for the in-group.
The effects of a positive in-group bias on attention and discrimination learning naturally entails the notion of relatively more attention to the unique out-group faces. For the in-group CS, participants allocate more attention to the common group information at the cost of less processing of the unique features of the in-group CS. In comparison, participants allocated more attention to the unique out-group faces because there was no (or less) bias to process the out-group information. Please note that more attention to individual out-group faces in this regard is conceptually different from the attentional bias typically attributed to fear-relevant stimuli. An attention bias for "fear-relevant" CS such as snakes and angry faces has been inferred from the potential of these stimuli to capture attention more effectively than neutral stimuli (Ohman, Flykt, & Esteves, 2001; Ohman, Lundqvist, & Esteves, 2001 ). Similar results have been reported for racial out-group faces (Levin, 1996 (Levin, , 2000 but results have been less consistent (Lipp et al., 2009) . It has been argued that such an attention bias "could be a mechanism used by evolution to assure rapid learning of fear signals in an aversive context" (Ohman & Mineka, 2001, p. 499 ) but from our perspective such a positive effect on discrimination learning about fear relevant CS seems rather illogical. For example, for racial out-group faces such an attention bias should exists for the features common to most faces of the racial out-group since these are the features that identify a specific face as belonging to the out-group in the first place. Increased attention to these common features should consequently degrade stimulus discrimination and thus decrease differential conditioning. Better discrimination of out-group faces can only result from less attention to the common out-group features which naturally follows from our hypothesis of a positive in-group bias.
Faces in our experiment were computer-generated and randomly assigned as in-group (psychology) or out-group (business). Group membership was not encoded in common facial features of the group but rather was inferred from a common group label. In this regard, our study was similar to the minimal group paradigm of Navarrete et al. (2012) in which groups also were not evident from facial features but rather were inferred from the t-shirt color that went along with the face. To explain better discrimination learning for out-group faces in both of these experiments our attentional hypothesis seems straightforward. In Navarrete's study the color of their own group was more salient to the participants (who wore the same t-shirt color during the experiment). In our experiment the in-group "psychology" was more salient as confirmed by longer fixation dwell on the group label. In contrast to these experiments, fear conditioning with own-race and other-race faces (Olsson et al., 2005) typically means that the group information is inferred from the common facial features of the faces (e.g. skin color). In face recognition research, the other race effect (ORE) describes the finding that in contrast to own-race faces other-race faces are typically poorly recognized, remembered and discriminated (Chance & Goldstein, 1996; Meissner & Brigham, 2001 ). According to the race-coding hypothesis of Levin (1996 Levin ( , 2000 the ORE results from the coding of race-specific information at the expense of individual information. With respect to associative learning about common and unique elements outlined in the introduction, the ORE thus suggests that elements common to all out-group faces should be more salient than elements common to all in-group faces. From this perspective, and contrary to our results, out-group faces should be more difficult to discriminate and thus should feature less discrimination in differential fear conditioning (Out+, Out−). The ORE has been explained with respect to both, perceptual expertise as well as social cognition (Young, Hugenberg, Bernstein, & Sacco, 2012) . A higher perceptual expertise for in-group faces can be derived from the fact that participants typically have more exposure to own-race faces. From the general perspective of associative learning theories (e.g. McLaren & Mackintosh, 2000) such exposure causes latent inhibition (selective habituation) of common perceptual elements. Exposure to many different exemplars of the ingroup means that there is much more exposure to the common elements of these exemplars than to the unique elements of individual exemplars. This selective habituation to common elements causes a decreased associability of the common elements (latent inhibition) and thus should facilitate discrimination learning with in-group members (but see Maia, 2009 ). However, it has been shown that the ORE is not exclusively caused by such perceptual expertise but rather is mediated by many other cognitive factors. For example, Ackerman et al. (2006) demonstrated that in contrast to racial out-group faces with a neutral expression (which were perceived as more homogeneous) angry out-group faces that induced a threatening context (much like aversive conditioning) completely reversed the ORE and were perceived as more heterogeneous than in-group faces. This finding of increased out-group heterogeneity in an aversive context is in line with our present finding of better discrimination learning about out-group faces in fear conditioning (see right panel of Fig. 1 ). It might also explain the absence of an out-group fear learning bias under some circumstances. For example some authors have demonstrated a more pronounced out-group fear learning bias with male faces than with female faces (Navarrete et al., 2009; Mazurski, Bond, Siddle, & Lovibond, 1996) . In the light the above findings on perceived out-group homogeneity it might well be that female faces are generally perceived as more homogeneous because they are perceived as less threatening in general (like neutral faces) whereas male faces are perceived as more heterogeneous because they are more threatening (like angry faces). This difference in perceived similarity should then selectively increase discrimination learning about males but retarded discrimination learning about females.
In our experiment participants did not have prior exposure to the faces which were computer generated and cognitive factors (rather than perceptual expertise) must be identified to account for the observed effect. As one possible explanation, we have offered the hypothesis of an attentional bias to preferentially process in-group information. As detailed above, an increased salience of in-group information would increase the similarity between in-group faces and retard discrimination learning. From another perspective, the view of a higher similarity of the in-group members is also supported by the general coding of positive information in memory. As shown by Unkelbach et al. (2008) positive information in memory is more similar to other positive information compared to the similarity between negative information. Alves, Koch and Unkelbach (2016) have argued that this general bias extends to social perception and increases the similarity of liked others such as in-group members. From yet another perspective, Badea, Brauer and Rubin (2012) have argued that positively-valued groups are perceived as more homogeneous because of a greater group cohesiveness that is associated with "winning" in inter-group conflicts.
Evaluative learning about the in-group and the out-group
In our experiment, we also assessed the effect of aversive conditioning on explicit and implicit measures of liking. In accord with our hypothesis differential evaluative learning was higher for the out-group (Out+ versus Out−) than for the in-group (In+ versus In−) and this effect was at least in part caused by more positive ratings for the Out− face. This evaluative effect further confirmed that in contrast to the hypothesis of prepared fear learning for out-group members the Out− was effectively established as a cue that signaled safety from harm. In contrast to physiological measures (SCR, pupil dilation) that exhibited a higher response to the In+ face than the In− face, there was no such difference between the in-group faces for ratings of pleasantness. Since fear conditioning typically includes evaluative learning (Raes & De Raedt, 2012) this absence of different ratings for the In+ and In− faces seems interesting and we can offer several post-hoc explanations. Firstly, the explicit rating of pleasantness might have increased the salience of the in-group even further, increasing the similarity between the two in-group faces, and in turn decreasing differential evaluation. This effect would be in line with previous findings that strong identification with a group (in-group) may override the automatic response to an orthogonal category (CS+ versus CS−; see Brewer & Pickett, 1999) . Secondly, the effect might provide an additional hint for the enhanced processing of the in-group information during conditioning. The group label was shown during conditioning but not during the subsequent ratings and the absence of a differential evaluation in the absence of the group label might hint at the possibility that participants learned to correctly process the individual faces only in the context of the ingroup. Thirdly, one could speculate that evaluative learning took longer than the conditioning of the physiological responses. In accord with this hypothesis, the right-hand simulation in Fig. 1 illustrates that a pattern Out− < In− = In+ < Out+ is predicted for early stages of learning while a pattern Out− < In− < In+ < Out+ evolves with further learning.
The implicit evaluation of the CS in the affective priming task most prominently highlighted the special fate of the Out− face. The Out− face was the only face that did not differ from an unconditioned friendly face in its effectiveness to prime a positive target word and no other face acquired that friendly property. Again the effect provides further support for the hypothesis that the Out− was established as an effective signal for safety from harm. The effect might have been further accentuated from the perspective of an expectancy violation. In this regard, the intergroup forecasting error has been described as the tendency for overly negative expectations concerning future interactions with unknown out-group members (Mallett, Wilson, & Gilbert, 2008) . When out-group members show non-expected (i.e. positive behavior), people tend to show increased favorability ratings (see Bettencourt, Dill, Greathouse, Charlton, & Mulholland, 1997) . From this perspective, the Out− face may have caused such an expectancy violation leading to increased favorability both implicitly and explicitly.
Aversive conditioning and threat
Our final point of the discussion concerns the level of fear elicited in the current experiment. In our aversive conditioning procedure faces were paired with electric shocks to induce the perception of threat. Participants were asked to imagine that the person whose face was shown on the computer screen administered the shock and there is some evidence, that perceived threat from out-group members is one necessary condition to render group membership salient (e.g., Voci, 2006) . However, we should not too hastily accept the assumption that electric shocks in the experiment are indeed perceived as threatening and the same holds true for previous experiments reporting a fear learning bias (Navarrete et al., 2012; Olsson et al., 2005) . Even though in humans the aversive conditioning paradigm is often labeled as fear conditioning the notion of conditioned fear should be taken with some caution. The first objection derives from the fact that participants had full control over the intensity of the shock. They themselves adjusted the strength of the shock to be "definitively unpleasant but not really painful" before the experiment started. It is safe to assume that under these instructions participants did not adjust shock intensity to a level that would be feared during conditioning. The second objection refers to the fact that our skin conductance and pupil measures of the conditioned response are measures of autonomic arousal rather than pure measures of fear or even negative emotion. For example, in appetitive conditioning, human participants exhibit stronger pupil dilation in response to stimuli paired with a manual response than stimuli not paired with that response (Reinhard & Lachnit, 2002) . Lastly, whereas the out-group face paired with shock was rated as more "unpleasant" than the other faces in an explicit rating after conditioning, the affective priming task clearly revealed that faces paired with shock did not at all reach the level of emotional negativity induced by perceiving social threat in form of an angry face.
Taken together the notion that faces paired with shock could have been perceived as threatening or fear-eliciting should be taken with some caution. In consequence, it remains unclear whether faces paired with shock really established a substantial source of social threat.
Conclusion
The present research set out to investigate the notion of a fear learning bias for social out-groups (psychology students, business students). Our findings cast doubt on whether humans are predisposed to selectively associate such out-group members with harm and rather indicate that in the context of aversive conditioning discrimination learning about individual in-group members might be retarded because of an attention bias for their common in-group membership. Our findings are consistent with classic models of associative learning theory and question evolutionary accounts of "prepared" out-group fear learning. Future experiments should examine whether a poorer discrimination of in-group faces during differential fear conditioning also exists for same-race faces versus other-race faces.
In the Rescorla-Wagner model (RW-Model), changes in associative strength ΔV after each learning episode occur in proportion to the prediction error of that learning episode
The error is computed as the difference between the actual strength of the US λ US minus the strength of the US predicted by all CS elements in the compound ΣV. β US is a learning rate parameter that depends on the effective strength of the US. α CS is a learning rate parameter that increases with the effective salience of a CS element and may depend on the perceptual properties of the element as well as an attentional bias for the element.
Formally, discrimination learning CS+, CS− in the RW-model consists of training AC+, BC-where A denotes elements unique to the CS+, B denotes elements unique to the CS−, and C denotes elements common to both CS (usually the experimental context but possibly also perceptual or conceptual elements common to both stimuli). Each of the elements can form a distinct association with the outcome and conditioned responding to the AC and BC compound is determined by the summed associations of the respective elements. The left panel of Fig. A1 depict this summed association for the AC and BC compound. The right panel depicts the underlying separate associations of the elements A, B, and C. During conditioning element A is supposed to acquire an excitatory association. Element C is followed by shock on 50% of the trials and also acquires some excitatory association (but less than A). To correctly predict the absence of shock in BC-trials, element B acquires an inhibitory association to counteract the excitatory association of element C.
Following the same rational, for our model simulations in Fig. 1 faces Out+, Out−, In+, and In−, can be decomposed into AO+, BO-, CI+, and DI-, where unique elements A, B, C, and D represent individual features of the four faces, and common elements O and I represent the group membership. The preparedness model in the left panel of Fig. 1 was based on a learning rate β = 0.90 for both elements A and O in trials AO+ and a learning rate of β = 0.30 for both elements B and O in trials AO-. The learning rate was β = 0.50 for all elements in trials CI+ and DI-. US effectiveness was modeled to be higher in trials AO+ (λ = 1) than in trials CI+ (λ I = 0.60). Initial weights for the element O was set to V = 0.20. All other associations were set to zero initially. Alpha was set to α = 0.5 for all elements.
In the right-hand simulation alphas were set to α A = α B = 0.50 and .α O = 0.25 for the out-group CS and α C = α D = 0.25, α I = 0.50 for the ingroup CS. This set of α-values captures the hypothesis that in-group faces are processed with more attention to their group-membership at the cost of less attention to unique facial features, while the inverse is true for the processing of out-group faces. In the process of learning, the discrimination of in-group faces thus suffers from more attention to features that are common to both faces. As can be seen in Fig. 1 , differential responding to the ingroup faces thus is predicted to be retarded. Fig. A1 . Illustration of discrimination learning in the theory of Rescorla and Wagner (1972) . Learning rate α = β = 0.60.
